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•CRM well simulates a location of the area with large scattering index. 
•A maQ_nitude of hijh re刊ectivityindex in CRM simulation is much lar~er than that 
in AMSR-E observation, indicating that CRM overestimates an amount of frozen 
precipitation particles. 
Passive Microwave Precipitation Retrieval 
GSMaP Retrieval Algorithm 。GlobalSatellite Mapping of Precipitation Project 
started in 2003. 。Leader:Prof. Ken’ich Okamoto (Osaka Pref. Univ.) 。Fundedby JST/CREST 。Thegoal is to produce accurate precip map using 
mainly satellite microwave radiometer. 。Passivemicrowave precip retrieval algorithm is 
based on Aonashi and Liu (2000). 
(TMl+AMSR+AMSR・E+F13,F14,F15SSMII; Jul., 2003) 
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Data Assimilation Method 
E.nKF scheme 
・Explicitcloud 
microphysics scheme 
based on bulk method 
(Un et al., 1983; Murakami, 
1990; lkawa and Saito, 
1991) ・Thewater substances 
are categorized into 6 
water species (water 
vapor, cloud water, rain, 
cloud ice, snow and graupe/) ・Explicitlypredicting the 
mixing ratios and tれe
number concentrations 
sical Scheme 
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Outline 
Introduction 
• EnKF Scheme 
Forecast Error Correlation between 
Precipitation and CRM variables 
• Preliminary results of Assim. Experiment ・summary 
Xa=Xf +K(Y0-HXJ 
K=(EZ記（HP1Ht+R）一
JMANHM (Saito et al,2001) 
Resolution: 5 km 
Grids: 400 x 400 x 38 
Time interval: 15 s 
Initial and boundary data 
RSM (JMA’s operational regional 
model) ・Basicequations : Hydrostatic primitive 
Precipitationscheme: 
Moist convective a司justment
+ Arakawa-Schubert 
+ Large scale condensation ・Resolution:20 km 
• Grids: 257 x 217 x 36 
nsemble Kalman・ Filter (EnKF) 
• Kalman Filter 
where K 
Xa=Xf +K(Y0 -HX1) 
K = pf Ht(HPJ Ht+ Rr1 
• EnKF: use ensemble to estimate forecast 
error covariance pf s1 HP! H 
• N 
pfst =___:_ J.(Xf一石川H(Xf)-H（幻））
N-l告
• N 
HP! H1 = ___:_ J,(H(Xf )-H(Xf ))*(H(Xf )-H(Xf)) 
N-l釘
'En翠!J.bleSquare rg_♀！＿Filter (gnSRs 
Snyder & Zhang(2003) 
Compute analyses for ensemble average _xa 
and each member x: =r +DX/ 
Xa=xf +WK(Y0-H(Xf)) 
<5X/=8X/ -WKβlfi8X/, 
β＝ (1+ ゾR/(HP1H1 + R) r1
where W is the localization weight 
Ensemble Forecast {Mitchell et al, 2002) 
・100members started ’:~ith pertu巾edinitial data: 
XJt0) = Xc(t0) ＋民
• Geostrophically-balanced perturbation κ ・30pe代urbation川 streamfunction ¥j/ 
XY : 2D random fields with correlation 
correlationρ（r) = (l+(r/ R))*exp（一（rIR)) 
R=1000,300,100,30,10 km (20 members) 
Z : sin (mπz* /H) m=1,3,5 (34, 33, 33 members) 
• "'to pe代urbationin ( e,u, v, Ps), assuming geostroph1c 
and hydrostatic balance. 
• Total energy of pe代urbat1on
SD of PT～ 1 K 
Data Assimilation Method 
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Forecast Error Cor『el・ation
between Precipitation and CRM 
variables calculated f『om
ensemble forecasts 
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Correlation with Precip at A(200, 176) 
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Correlation with Precip at A(200, 176) 
4hδ百rtorecast(21UTC Jan.28, 2003) 
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Correlation with Precip at 8(220, 50) 
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4 hourforecast (21 l1TC Jan. Z6, 2G03) 
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4how「forecast(21UTC Jan.26, 2003) 
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EnKF ex/2!l:Lme_nt 
• Upper cold low case (Jan. 28・29,2003)
• Ensemble forecast (21 UTC Jan.28, 2003) 
(100 members, same as the previous section) ・Assimilatesimulated precipitation data 
(01 UTC Jan. 29, 2003) ・EnKFanalysis 
Mixing ratio of rain.snow, & graupel 
RHW2: (qv+qc+qci)/qvs 
Number concentration of snow & graupel 
U,V,W 
W = 0 (distance > 60 km) 
'EnKF analysis: Os.average (lev=930m) 
(0穴πCJan. 29, 20σ3J 
~ 
6km 
Data Assimilation Method 
Pre・I耐1inaryresults of 
Experimental Assimilation 
jmulated Precip data for 03/1/29/01 UTC: 
RM石吾百trol+peiturbafion (1/28/21 UTC)+ 
Noise(50%) 
MWR simulation data for 03012901 z Precip 
．齢．，．，・ ．， 
. .
nKF analysis: RHW2.averagl? (lev=930m) 
(01UTC Jan. 29, 2003) 
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Qs (930m) Truth for 01・04UTC
吉正29,2003) 
EnKF analysis: W.avwage {ley:d"'" i30m) 
（肝UTC五日.29, 2σ。
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• We have developed Ensemble Square Root 
刊ter(SRF) scheme. 
Precipitation rate had large forecast error 
correlations with vertical wind speed, as well 
as the mixing ratio of cloud physical variables. 
Large flow-dependent variations in forecast 
error correlations were found. 
Results from preliminary experiments using 
simulated precipitation data show that the 
EnKF is successful in retrieving the cloud-
physical variables and vertical wind speed. 
Thank you for your attention. 
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- 圃闘，.・E・‘’AMSR-E NPCT89附 f官 20030129
•CRM well simulates a location of the area with large s伺陶ringindex 
•A maQ_nitude of hiQh reflectivity index in CRM simulation is much larger than that 
in AMSR-E observation, indicating that CRM overestimates an amoun! of frozen 
precipitation particles 
